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ȺɇɈɌȺɐȱə ȼɢɡɧɚɱɟɧɚ ɦɨɠɥɢɜɿɫɬɶ ɡɚɦɿɧɢ  ɦɚɫ  ɤɜɚɪɰɨɜɨɝɨ ɩɿɫɤɭ ɫɤɥɨɛɨɽɦ ɟɥɟɤɬɪɨɜɚɤɭɭɦɧɨɝɨ ɫɤɥɚ ɜ ɫɢɥɿɤɚɬɧɿɣ
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ɳɿɥɶɧɿɫɬɶ ɜɿɞ ɬɪɢɜɚɥɨɫɬɿ ɿɡɨɬɟɪɦɿɱɧɨʀ ɜɢɬɪɢɦɤɢ Ⱦɨɫɹɝɧɭɬɨ ɫɤɨɪɨɱɟɧɧɹ ɧɚ  ɝɨɞɢɧɢ ɱɚɫɭ ɚɜɬɨɤɥɚɜɭɜɚɧɧɹ ɫɢɥɿɤɚɬɧɨʀ
ɫɭɦɿɲɿɡɚɪɚɯɭɧɨɤɱɚɫɬɤɨɜɨʀɡɚɦɿɧɢɤɜɚɪɰɨɜɨɝɨɩɿɫɤɭɫɤɥɨɛɨɽɦɟɥɟɤɬɪɨɜɚɤɭɭɦɧɨɝɨɫɤɥɚ 
Ʉɥɸɱɨɜɿɫɥɨɜɚ ɫɢɥɿɤɚɬɧɚɫɭɦɿɲɟɥɟɤɬɪɨɜɚɤɭɭɦɧɟɫɤɥɨɦɟɠɚɦɿɰɧɨɫɬɿɳɿɥɶɧɿɫɬɶɜɨɞɨɩɨɝɥɢɧɚɧɧɹ 
 
UTILIZATION IN SILICATE MIX FOR PRODUCTION OF THE SILICATE BRICK OF 
ELECTROVACUUM GLASS OF THE FULFILLED KINESCOPES 
 
N. ZAVGORODNYA*, O. PIVOVAROV, O. NOSENKO 
 
Department of Inorganic Substances Technology and Ecology, Ukrainian State University of Chemical Technology, Dnepropetrovsk, 
UKRAINE 
 
ABSTRACT The analysis of a state of affairs is provided in world practice on use of electrovacuum glass of the 
fulfilled kinescopes as a cullet. A definite purpose of research on application of a cullet of barium-strontic and lead 
glass in production of silicate mix for production of a silicate brick. The experiment technique with the detailed 
characteristic of raw materials is given. Moisture absorption, weight and density of experimental samples of a silicate 
brick are defined. Experimental samples are tested for change of border of durability at compression and density from 
duration of isothermal endurance. Reduction for 0,5 hours of duration of autoclave processing of silicate mix due to 
partial replacement of quartz sand with a cullet of electrovacuum glass of the fulfilled television kinescopes and 
computer monitors is reached. Possibility of a primeniye of a barium-strontic and lead cullet of the fulfilled kinescopes 
in silicate mix for production of a silicate brick by solubility of a siliceous component together with lime in a zhitky 
phase and their further interaction in solution is proved at autoclave hardening. 
Keywords: Silicate mix, electrovacuum glass, durability border, density, moisture absorption. 
 
ȼɫɬɭɩ 
 
Ȼɚɪɿɽɜɨ-ɫɬɪɨɧɰɿɽɜɟɬɚɫɜɢɧɰɟɜɟɫɤɥɨɤɿɧɟɫɤɨɩɿɜ
ɜɿɞɩɪɚɰɶɨɜɚɧɢɯ ɬɟɥɟɜɿɡɨɪɿɜ ɬɚ ɦɨɧɿɬɨɪɿɜ ɤɨɦɩ¶ɸɬɟɪɿɜ
ɜ ɹɤɨɫɬɿ ɫɤɥɨɛɨɸ ɜ ɫɜɿɬɨɜɿɣ ɩɪɚɤɬɢɰɿ  ɡɚɫɬɨɫɨɜɭɸɬɶ
ɩɪɢ ɜɢɝɨɬɨɜɥɟɧɧɿ ɬɚɤɢɯ ɛɭɞɿɜɟɥɶɧɢɯ ɦɚɬɟɪɿɚɥɿɜ ɹɤ
ɰɟɝɥɚ ɛɟɬɨɧ ɰɟɦɟɧɬ ɬɨɳɨ ȼ ȾɋɌɍ Ȼȼ-42-97 
ɨɝɨɜɨɪɟɧɚ ɦɨɠɥɢɜɿɫɬɶ ɜɢɤɨɪɢɫɬɚɧɧɹ ɞɨɦɿɲɨɤ
ɩɨɞɪɿɛɧɟɧɢɯ ɩɨɪɢɫɬɢɯ ɦɚɬɟɪɿɚɥɿɜ ɡ ɜɟɥɢɤɢɦ ɜɦɿɫɬɨɦ
ɤɪɟɦɧɟɡɟɦɭ Ɉɫɧɨɜɧɢɣ ɧɟɞɨɥɿɤ ɛɭɞɿɜɟɥɶɧɢɯ
ɦɚɬɟɪɿɚɥɿɜ ɡ ɞɨɦɿɲɤɚɦɢ ɛɚɪɿɽɜɨ-ɫɬɪɨɧɰɿɽɜɨɝɨ ɬɚ
ɫɜɢɧɰɟɜɨɝɨ ɫɤɥɨɛɨɸ ± ɡɧɢɠɟɧɧɹ ʀɯ ɦɟɯɚɧɿɱɧɢɯ
ɜɥɚɫɬɢɜɨɫɬɟɣ ɐɹ ɨɛɫɬɚɜɢɧɚ ɜɢɦɚɝɚɽ ɜɢɡɧɚɱɟɧɧɹ
ɨɩɬɢɦɚɥɶɧɨ ɦɨɠɥɢɜɨʀ ɤɿɥɶɤɨɫɬɿ ɞɨɦɿɲɤɢ ɞɥɹ
ɡɛɟɪɟɠɟɧɧɹ ɦɟɯɚɧɿɱɧɢɯ ɜɥɚɫɬɢɜɨɫɬɟɣ ɫɢɥɿɤɚɬɧɨʀ
ɰɟɝɥɢ ɡɚ ɿɫɧɭɸɱɢɦ ɬɟɯɧɨɥɨɝɿɱɧɢɦ ɩɪɨɰɟɫɨɦ ʀʀ
ɜɢɝɨɬɨɜɥɟɧɧɹ 
ȼɿɞɨɦɨ [6]ɳɨɫɢɥɿɤɚɬɧɭɰɟɝɥɭɜɢɝɨɬɨɜɥɹɸɬɶɿɡ
ɫɢɪɰɟɜɨʀ ɦɚɫɢ ɳɨ ɫɤɥɚɞɚɽɬɶɫɹ ɿɡ ɫɭɦɿɲɿ  ɩɿɫɤɭ ɡ
ɜɦɿɫɬɨɦ   SiO2 ɡ ɜɚɩɧɨɦ ɜ ɤɿɥɶɤɨɫɬɿ - ɬɚ
ɩɨɞɚɥɶɲɨɝɨ ɨɬɜɟɪɞɿɧɧɹ ɫɜɿɠɨɜɿɞɮɨɪɦɨɜɚɧɨɝɨ ɜɢɪɨɛɭ
ɜ ɭɦɨɜɚɯ ɜɨɞɹɧɨʀ ɩɚɪɢ ȼɫɿ ɰɿ ɩɟɪɟɬɜɨɪɟɧɧɹ
ɜɢɤɨɧɭɸɬɶɫɹ ɡɚ ɬɪɢ ɬɟɯɧɨɥɨɝɿɱɧɢɯ ɟɬɚɩɢ ɡɚɝɨɬɿɜɥɹ
ɫɢɪɰɟɜɨʀ ɦɚɫɢ ɩɪɟɫɭɜɚɧɧɹ ʀʀ ɡɚɩɚɪɸɜɚɧɧɹ
ɚɜɬɨɤɥɚɜɭɜɚɧɧɹɫɢɪɰɸɉɿɞɞɿɽɸɩɚɪɢɿɬɟɦɩɟɪɚɬɭɪɢ
ɤɪɟɦɧɟɡɟɦ ɜɚɩɧɨ ɳɨ ɡɧɚɯɨɞɹɬɶɫɹ ɜ ɦɚɫɿ ɰɟɝɥɢ
ɫɩɨɥɭɱɚɸɬɶɫɹ ɯɿɦɿɱɧɨ ɿ ɭɬɜɨɪɸɸɬɶ ɨɞɧɨɤɚɥɶɰɿɽɜɢɣ
ɜɨɞɧɢɣɫɢɥɿɤɚɬɝɿɞɪɨɫɢɥɿɤɚɬɤɚɥɶɰɿɸɡɚɪɟɚɤɰɿɽɸ 
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ɐɟɣɝɿɞɪɨɫɢɥɿɤɚɬɩɿɞɱɚɫɡɚɩɚɪɸɜɚɧɧɹɬɜɟɪɞɿɽɿ
ɦɿɰɧɨɫɤɪɿɩɥɹɽɡɟɪɧɚɩɿɫɤɭɨɞɢɧɡɨɞɧɢɦɑɢɦɛɿɥɶɲɟ
ɤɪɟɦɧɟɡɟɦɭ ɫɩɨɥɭɱɚɽɬɶɫɹ ɡ ɜɚɩɧɨɦ ɬɢɦ ɛɿɥɶɲɢɣ
ɜɢɯɿɞ ɝɿɞɪɨɫɢɥɿɤɚɬɭ ɿ ɜɿɞɩɨɜɿɞɧɨ ɜɢɳɚ ɦɟɯɚɧɿɱɧɚ
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ɦɿɰɧɿɫɬɶɰɟɝɥɢɍɬɜɨɪɟɧɧɹ ɝɿɞɪɨɫɢɥɿɤɚɬɭɜɢɤɨɧɭɽɬɶɫɹ
ɡɧɚɱɧɨɲɜɢɞɲɟ ɩɪɢ ɜɢɫɨɤɿɣ ɬɟɦɩɟɪɚɬɭɪɿ ɭ ɜɨɥɨɝɨɦɭ
ɫɟɪɟɞɨɜɢɳɿ ɜɧɚɫɥɿɞɨɤ ɱɨɝɨ ɡɚɩɚɪɸɜɚɧɧɹ ɫɢɪɰɸ
ɜɢɤɨɧɭɽɬɶɫɹ ɹɤ ɩɪɚɜɢɥɨ ɡɚ ɬɢɫɤɭ  ±  ɚɬɦ ɳɨ
ɜɿɞɩɨɜɿɞɚɽɬɟɦɩɟɪɚɬɭɪɿɩɚɪɢ-2000ɋ 
 
ɐɿɥɶɪɨɛɨɬɢ 
 
əɤ ɜɿɞɦɿɱɚɥɨɫɹ ɜ >-5@ ɜ ɩɨɬɨɱɧɢɣ ɱɚɫ
ɭɬɢɥɿɡɚɰɿʀɩɿɞɥɹɝɚɽɛɚɪɿɽɜɨ-ɫɬɪɨɧɰɿɽɜɟɿɫɜɢɧɰɟɜɟɫɤɥɨ
ɜɿɞɩɪɚɰɶɨɜɚɧɢɯɤɿɧɟɫɤɨɩɿɜɡɟɥɟɤɬɪɨɧɧɨ-ɩɪɨɦɟɧɟɜɢɦɢ
ɬɪɭɛɤɚɦɢ Ȼɚɪɿɽɜɨ-ɫɬɪɨɧɰɿɽɜɟ ɫɤɥɨ ɡɧɚɣɲɥɨ
ɡɚɫɬɨɫɭɜɚɧɧɹɭ ɜɢɪɨɛɧɢɰɬɜɿɛɭɞɿɜɟɥɶɧɢɯɦɚɬɟɪɿɚɥɿɜɜ
ɡɜ¶ɹɡɤɭ ɡ ɧɢɡɶɤɨɸ ɜɢɥɭɝɨɜɭɜɚɧɿɫɬɸ ɿɨɧɿɜ ɛɚɪɿɸ ɬɚ
ɫɬɪɨɧɰɿɸ ɤɨɧɰɟɧɬɪɚɰɿɹ ɹɤɢɯ ɧɟ ɩɟɪɟɜɢɳɭɽ
ɞɨɩɭɫɬɢɦɢɯɧɨɪɦ 
ɋɜɢɧɰɟɜɟ ɫɤɥɨ ɡɧɚɣɲɥɨ ɡɚɫɬɨɫɭɜɚɧɧɹ ɜ ɹɤɨɫɬɿ
ɜɬɨɪɢɧɧɨʀ ɫɢɪɨɜɢɧɢ ɞɥɹ ɨɬɪɢɦɚɧɧɹ ɫɜɢɧɰɸ ɉɪɨɬɟ
ɤɿɥɶɤɿɫɬɶ ɩɟɱɟɣ ɞɥɹ ɫɜɢɧɰɸ ɧɟɡɧɚɱɧɚ ɬɨɦɭ ɱɚɫɬɨ
ɫɜɢɧɰɟɜɢɣ ɫɤɥɨɛɿɣ ɜɿɞɩɪɚɜɥɹɸɬɶ ɧɚ ɩɨɥɿɝɨɧɢ ɿ
ɡɜɚɥɢɳɚ Ɉɤɪɟɦɿ ɤɨɦɩɚɧɿʀ ɦɨɞɟɪɧɿɡɭɸɬɶ ɩɟɱɿ ɿ
ɨɬɪɢɦɭɸɬɶ ɱɢɫɬɢɣ ɫɜɢɧɟɰɶ Ɍɚɤɨɠ ɡɚɫɬɨɫɨɜɭɸɬɶ
ɫɜɢɧɰɟɜɢɣ ɫɤɥɨɛɿɣ ɭ ɜɢɪɨɛɧɢɰɬɜɿ ɬɚɤɢɯ ɛɭɞɿɜɟɥɶɧɢɯ
ɦɚɬɟɪɿɚɥɿɜ ɹɤɿ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɞɥɹ ɡɚɯɢɫɬɭ ɜɿɞ
ɪɟɧɬɝɟɧɿɜɫɶɤɨɝɨ ɜɢɩɪɨɦɿɧɸɜɚɧɧɹ ɚɛɨ ɜ ɤɟɪɚɦɿɱɧɿɣ
ɩɪɨɦɢɫɥɨɜɨɫɬɿɞɥɹɜɢɝɨɬɨɜɥɟɧɧɹɝɥɚɡɭɪɿɳɨɫɬɿɣɤɿɞɨ
ɜɢɥɭɝɨɜɭɜɚɧɧɹ 
Ɉɬɠɟ ɫɜɿɬɨɜɚ ɩɪɚɤɬɢɤɚ ɜɤɚɡɭɽ ɧɚ ɦɨɠɥɢɜɿɫɬɶ
ɡɚɫɬɨɫɭɜɚɧɧɹ ɟɥɟɤɬɪɨɜɚɤɭɭɦɧɨɝɨ ɫɤɥɚ ɡ
ɜɿɞɩɪɚɰɶɨɜɚɧɢɯɤɿɧɟɫɤɨɩɿɜɭɜɢɪɨɛɧɢɰɬɜɿɛɭɞɿɜɟɥɶɧɢɯ
ɦɚɬɟɪɿɚɥɿɜ ɡɨɤɪɟɦɚ ɫɢɥɿɤɚɬɧɨʀ ɰɟɝɥɢ ɡ ɨɞɧɿɽɸ
ɜɢɦɨɝɨɸ± ɛɟɡɩɨɝɿɪɲɟɧɧɹɦɿɰɧɨɫɬɿɜɢɪɨɛɭ 
Ⱦɥɹɞɨɫɹɝɧɟɧɧɹɟɤɨɧɨɦɿʀɩɪɢɪɨɞɧɢɯɦɚɬɟɪɿɚɥɿɜ
ɡɚɫɬɨɫɭɜɚɧɧɹ ɜɬɨɪɢɧɧɨʀ ɫɢɪɨɜɢɧɢ ɿɡ ɜɿɞɯɨɞɿɜ, 
ɫɤɨɪɨɱɟɧɧɹ ɬɪɢɜɚɥɨɫɬɿ ɬɟɯɧɨɥɨɝɿɱɧɨɝɨ ɩɪɨɰɟɫɭ
ɜɢɝɨɬɨɜɥɟɧɧɹ ɫɢɥɿɤɚɬɧɨʀ ɰɟɝɥɢ ɡɦɟɧɲɟɧɧɹ
ɲɤɿɞɥɢɜɨɝɨ ɜɩɥɢɜɭ ɧɚ ɞɨɜɤɿɥɥɹ ɩɪɢ ɡɚɯɨɪɨɧɟɧɧɿ
ɜɿɞɩɪɚɰɶɨɜɚɧɢɯ ɟɥɟɤɬɪɨɩɪɢɫɬɪɨʀɜ ɬɚ ɡɞɟɲɟɜɥɟɧɧɹ
ɩɪɨɰɟɫɭ ɜɢɪɨɛɧɢɰɬɜɚ ɫɢɥɿɤɚɬɧɨʀ ɰɟɝɥɢ ɩɪɨɩɨɧɭɽɬɶɫɹ
ɜɢɤɨɪɢɫɬɚɧɧɹɜɫɢɥɿɤɚɬɧɿɣ ɫɭɦɿɲɿɦɚɫɫɤɥɨɛɨɸ
ɟɥɟɤɬɪɨɜɚɤɭɭɦɧɨɝɨ ɫɤɥɚ ɡɚɦɿɫɬɶ ɜɿɞɩɨɜɿɞɧɨʀ ɱɚɫɬɢɧɢ
ɩɪɢɪɨɞɧɨɝɨɤɜɚɪɰɨɜɨɝɨɩɿɫɤɭ 
Ɇɟɬɚ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɞɨɫɥɿɞɠɟɧɧɹ ± 
ɜɢɡɧɚɱɟɧɧɹɜɩɥɢɜɭɡɚɦɿɧɢɦɚɫɤɜɚɪɰɨɜɨɝɨɩɿɫɤɭ
ɜ ɫɢɥɿɤɚɬɧɿɣ ɫɭɦɿɲɿ ɬɚɤɨɸ ɠ ɤɿɥɶɤɿɫɬɸ ɫɤɥɨɛɨɸ
ɟɥɟɤɬɪɨɜɚɤɭɭɦɧɨɝɨ ɫɤɥɚ ɧɚ ɨɫɧɨɜɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ
ɜɢɝɨɬɨɜɥɟɧɨʀ ɡ ɬɚɤɨʀ ɫɭɦɿɲɿ ɫɢɥɿɤɚɬɧɨʀ ɰɟɝɥɢ ɦɟɠɭ
ɦɿɰɧɨɫɬɿɩɪɢɫɬɢɫɤɭɬɚɳɿɥɶɧɿɫɬɶ 
Ɉɛ¶ɽɤɬ ɞɨɫɥɿɞɠɟɧɶ ± ɮɿɡɢɤɨ-ɯɿɦɿɱɧɿ ɩɪɨɰɟɫɢ
ɭɬɜɨɪɟɧɧɹ ɫɢɥɿɤɚɬɧɨʀ ɰɟɝɥɢ ɿɡ ɫɢɪɰɟɜɨʀ ɫɭɦɿɲɿ ɡ
ɜɦɿɫɬɨɦ ɫɤɥɨɛɨɸ ɟɥɟɤɬɪɨɜɚɤɭɭɦɧɨɝɨ ɫɤɥɚ ɦɟɬɨɞɨɦ
ɚɜɬɨɤɥɚɜɭɜɚɧɧɹ 
ɉɪɟɞɦɟɬ ɞɨɫɥɿɞɠɟɧɶ ± ɫɢɥɿɤɚɬɧɿ ɫɭɦɿɲɿ ɡ
ɱɚɫɬɤɨɜɨɸɡɚɦɿɧɨɸɜɧɢɯ ɤɜɚɪɰɨɜɨɝɨɩɿɫɤɭ ɫɤɥɨɛɨɽɦ
ɟɥɟɤɬɪɨɜɚɤɭɭɦɧɨɝɨ ɫɤɥɚ ɜɿɞɩɪɚɰɶɨɜɚɧɢɯ ɬɟɥɟɜɿɡɿɣɧɢɯ
ɤɿɧɟɫɤɨɩɿɜɬɚɤɨɦɩ¶ɸɬɟɪɧɢɯɦɨɧɿɬɨɪɿɜ 
 
ȼɢɫɜɿɬɥɟɧɧɹɨɫɧɨɜɧɨɝɨɦɚɬɟɪɿɚɥɭ  
 
Ɉɫɧɨɜɭ ɫɢɥɿɤɚɬɧɨʀ ɫɭɦɿɲɿ  ɦɚɫ  ɜ
ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɨɫɥɿɞɠɟɧɧɹɯ ɫɤɥɚɞɚɜ ɪɿɱɤɨɜɢɣ
ɧɚɦɢɜɧɢɣ ɩɿɫɨɤ ɌɈȼ ©ɋɢɥɿɤɚɬɱɚɤª ɦ
Ⱦɧɿɩɪɨɩɟɬɪɨɜɫɶɤ ɯɿɦɿɱɧɢɣ ɚɧɚɥɿɡ ɹɤɨɝɨ ɧɚɜɟɞɟɧɨ ɜ
ɬɚɛɥ1. 
 
Ɍɚɛɥɢɰɹ± ɏɿɦɿɱɧɢɣɫɤɥɚɞɩɿɫɤɭɬɚɜɚɩɧɚ 
 
ɇɚɡɜɚ
ɪɟɱɨɜ
ɢɧɢ 
ɏɿɦɿɱɧɢɣɫɤɥɚɞ 
Si
O2 
Al2
O3 
Na
2O 
K2
O 
Ca
O 
Fe2
O3 
M
gO 
ɿ
ɩ
ɞ 
ɉɿɫɨɤ 68,
0-
80,
5 
13,
0-
15,
0 
0,7
-
1,0 
0,
7-
1,
0 
3,0
-
4,0 
1,5
-
2,0 
- - 
ȼɚɩɧ
ɨ 
2,8
-
2,9 
0,4
-
0,5 
- - 94,
2-
94,
8 
0,5
-
0,6
5 
1,2
-
1,8 
0,
1- 
0,
15 
 
ɇɚɦɢɜɧɢɣɩɿɫɨɤɞɨɞɚɬɤɨɜɨɩɪɨɦɢɜɚɽɬɶɫɹɬɚ
ɩɪɨɫɿɸɽɬɶɫɹɋɢɬɨɜɢɣɚɧɚɥɿɡɩɿɫɤɭɧɚɜɟɞɟɧɨɜɬɚɛɥ  
 
Ɍɚɛɥɢɰɹ 2 ± ɋɢɬɨɜɢɣɚɧɚɥɿɡɤɜɚɪɰɨɜɨɝɨɩɿɫɤɭ 
 
ɉɨɤɚɡɧɢɤɢ 
ɇɨɦɟɪɚɫɢɬ ɉɪɨɯɿɞɤɪɿɡɶ
ɫɢɬɨ
ʋ 1,25 0,63 0,31 0,14 
ɑɚɫɬɤɨɜɢɣ
ɡɚɥɢɲɨɤ 3,75 6,25 37,5 45 7,5 
ɉɨɜɧɢɣ
ɡɚɥɢɲɨɤ 3,75 10 47,5 92,5 100,00 
ɉɪɨɯɿɞ 96,25 90 52,5 7,5 ± 
 
Ɇɨɞɭɥɶɤɪɭɩɧɨɫɬɿ0K=1,48. 
ɋɟɪɟɞɧɿɣɞɿɚɦɟɬɪɡɟɪɟɧ ± ɦɦ 
ɇɚɫɢɩɧɚɳɿɥɶɧɿɫɬɶɩɿɫɤɭ± ɤɝɦ3. 
ȼɨɥɨɝɿɫɬɶɩɿɫɤɭ± 3%. 
ɉɿɫɨɤɜɿɞɩɨɜɿɞɚɽɜɢɦɨɝɚɦȾɋɌɍȻȼ-32-95 
ɬɚ ɦɨɠɟ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢɫɹ ɞɥɹ ɜɢɪɨɛɧɢɰɬɜɚ
ɫɢɥɿɤɚɬɧɨʀɰɟɝɥɢɈɫɧɨɜɧɢɦɜ¶ɹɠɭɱɢɦɭɜɢɝɨɬɨɜɥɟɧɧɿ
ɫɢɥɿɤɚɬɧɨʀ ɰɟɝɥɢ ɜɢɤɨɪɢɫɬɨɜɭɽɬɶɫɹ ɜɚɩɧɨ ɬɨɝɨ ɠ
ɬɨɜɚɪɢɫɬɜɚɯɿɦɿɱɧɢɣɜɦɿɫɬɹɤɨɝɨɧɚɜɟɞɟɧɨɜɬɚɛɥ1. Ɂɚ
ɪɟɡɭɥɶɬɚɬɚɦɢ ɚɧɚɥɿɡɿɜ ɜɫɬɚɧɨɜɥɟɧɨ ɧɚɫɬɭɩɧɿ
ɩɨɤɚɡɧɢɤɢɦɚɬɟɪɿɚɥɿɜ 
- ɚɤɬɢɜɧɿɫɬɶɜɚɩɧɚ± 96,0%; 
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- ɚɤɬɢɜɧɿɫɬɶɫɢɥɿɤɚɬɧɨʀɫɭɦɿɲɿ± 10,0%. 
Ⱥɧɚɥɿɡ ɹɤɨɫɬɿ ɜɚɩɧɚ ɜɢɤɨɧɭɜɚɜɫɹ ɭ ɜɿɞɩɨɜɿɞɧɨɫɬɿ ɞɨ
ȾɋɌɍ Ȼȼ -90-99. ȼɫɬɚɧɨɜɥɟɧɨ ɨɫɧɨɜɧɿ
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢɜɚɩɧɚ 
- ɲɜɢɞɤɿɫɬɶɝɚɫɿɧɧɹ± ɯɜ 
- ɬɟɦɩɟɪɚɬɭɪɚɝɚɫɿɧɧɹ± 940C. 
 ȼɿɞɩɨɜɿɞɧɨ ɫɬɚɧɞɚɪɬɭ ɞɨɫɥɿɞɠɭɜɚɧɟ ɜɚɩɧɨ
ɜɿɞɧɨɫɢɬɶɫɹɞɨ ɫɨɪɬɭ ɡɦɚɥɨɸɬɪɢɜɚɥɿɫɬɸɝɚɲɟɧɧɹ
ɜɢɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɟ ɦɨɠɟ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢɫɹ ɞɥɹ
ɜɢɪɨɛɧɢɰɬɜɚɫɢɥɿɤɚɬɧɨʀɰɟɝɥɢ 
Ⱦɥɹ ɩɪɨɜɟɞɟɧɧɹ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ
ɞɨɫɥɿɞɠɟɧɶ ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɢ ɫɤɥɨɛɿɣ
ɟɥɟɤɬɪɨɜɚɤɭɭɦɧɨɝɨ ɫɤɥɚ ɯɿɦɿɱɧɢɣ ɜɦɿɫɬ ɹɤɨɝɨ
ɧɚɜɟɞɟɧɢɣɜɬɚɛɥ3.  
 
Ɍɚɛɥɢɰɹ± ɏɿɦɿɱɧɢɣɫɤɥɚɞɟɥɟɤɬɪɨɜɚɤɭɭɦɧɨɝɨ
ɟɤɪɚɧɧɨɝɨɬɚɤɨɧɿɱɧɨɝɨɫɤɥɚɤɿɧɟɫɤɨɩɿɜ 
 
ȿɤɪɚɧɧɟɫɤɥɨ Ʉɨɧɿɱɧɟɫɤɥɨ 
ȿɥɟɦɟɧɬɢ ɦɚɫ ȿɥɟɦɟɧɬɢ ɦɚɫ 
SiO2 68,5 ± 75,4 SiO2 60,0 
CaO  ± CaO 5,5 
Al2O3 4,0 ± 4,4 Al2O3  23,6 
K2O 7,7 ± 8,4 K2O 9,0 
SrO 8,0 ± 12,0 BaO 2,2 
TiO2 1,0 ± 2,0 MgO 2,5 
CeO2 0,5 ± 1,0 PbO 10,5 
F 0,1 ± 0,2 Na2O 5,5 
Nd2O3 0,4 ± 0,8 Sb2O3 0,4 
Li2O 8,0 ± 12,0  ±  ± 
%ɚ2O3 2,8 ± 3,0  ±  ± 
BeO
 
2,0 ± 4,0  ±  ± 
 
Ⱦɚɧɿ ɬɚɛɥɢɰɿ ɫɜɿɞɱɚɬɶ ɳɨ ɜ ɫɢɥɿɤɚɬɧɭ ɫɭɦɿɲ
ɜɜɨɞɢɬɶɫɹ ɫɤɥɨɛɿɣ ɡ ɜɿɞɩɨɜɿɞɧɢɦ ɫɬɚɧɞɚɪɬɭ ɜɦɿɫɬɨɦ
ɨɤɫɢɞɭ ɤɪɟɦɧɿɸ ɬɚ ɨɤɫɢɞɿɜ ɥɭɠɧɢɯ ɦɟɬɚɥɿɜ ɋɤɥɨɛɿɣ
ɟɥɟɤɬɪɨɜɚɤɭɭɦɧɨɝɨ ɫɤɥɚ ɩɿɞɞɚɜɚɜɫɹ ɩɨɦɟɥɭ ɭ
ɛɚɪɚɛɚɧɧɨɦɭɤɭɥɶɨɜɨɦɭɦɥɢɧɿɞɨɞɨɫɹɝɧɟɧɧɹɩɢɬɨɦɨʀ
ɩɨɜɟɪɯɧɿ  ɦ2ɝ Ⱦɥɹ ɡɚɩɨɛɿɝɚɧɧɹ ɩɨɬɪɚɩɥɹɧɧɹ ɞɨ
ɫɤɥɚɞɭɫɢɥɿɤɚɬɧɨʀ ɫɭɦɿɲɿɦɟɬɚɥɟɜɨɝɨɧɚɦɟɥɭɩɪɨɞɭɤɬ
ɩɨɦɟɥɭɩɿɞɞɚɜɚɜɫɹɟɥɟɤɬɪɨɦɚɝɧɿɬɧɿɣɫɟɩɚɪɚɰɿʀ 
ȼɢɝɨɬɨɜɥɟɧɧɹ ɞɨɫɥɿɞɧɢɯ ɡɪɚɡɤɿɜ ɜɢɤɨɧɭɜɚɥɨɫɹ
ɭ ɜɿɞɩɨɜɿɞɧɨɫɬɿ ɬɟɯɧɨɥɨɝɿɱɧɢɦ ɟɬɚɩɚɦ ɜɢɪɨɛɧɢɰɬɜɚ
ɫɢɥɿɤɚɬɧɨʀ ɰɟɝɥɢ Ɏɨɪɦɭɜɚɥɶɧɚ ɜɨɥɨɝɿɫɬɶ ɫɢɥɿɤɚɬɧɢɯ
ɦɚɫɫɤɥɚɞɚɥɚȺɤɬɢɜɧɿɫɬɶɫɢɥɿɤɚɬɧɨʀɫɭɦɿɲɿ
Ⱦɥɹ ɜɢɡɧɚɱɟɧɧɹ ɦɿɰɧɨɫɬɿ ɦɚɬɟɪɿɚɥɭ ɩɪɢ ɫɬɢɫɤɭ
ɮɨɪɦɭɜɚɥɢ ɡɪɚɡɤɢ ± ɰɢɥɿɧɞɪɢ ɞɿɚɦɟɬɪɨɦ  ɦɦ
Ɉɞɧɨɫɬɨɪɨɧɧɽ ɩɪɟɫɭɜɚɧɧɹ ɡ ɬɢɫɤɨɦ  Ɇɉɚ
ɜɢɤɨɧɭɜɚɥɨɫɹ ɝɿɞɪɚɜɥɿɱɧɢɦ ɩɪɟɫɨɦ ɉɋɍ-10. 
Ɍɟɩɥɨɜɨɥɨɝɚ ɨɛɪɨɛɤɚ ɜɢɤɨɧɭɜɚɥɚɫɹ ɭ ɝɟɪɦɟɬɢɱɧɨɦɭ
ɦɟɬɚɥɟɜɨɦɭ ɫɨɫɭɞɿ ɭ ɫɭɲɢɥɶɧɿɣɲɚɮɿ ɩɪɢ -1950ɋ
ɳɨɜɿɞɩɨɜɿɞɚɽɬɢɫɤɭɧɚɫɢɱɟɧɨʀɩɚɪɢ-Ɇɉɚ 
 
Ɉɛɝɨɜɨɪɟɧɧɹɪɟɡɭɥɶɬɚɬɿɜ 
 
ȼɢɪɨɛɧɢɰɬɜɨ ɫɢɥɿɤɚɬɧɨʀ ɰɟɝɥɢ ɜɿɞɧɨɫɢɬɶɫɹ ɞɨ
ɩɪɨɰɟɫɿɜ ɹɤɿ ɜɢɤɨɧɭɸɬɶɫɹ ɜ ɨɛɥɚɫɬɿ ɬɟɦɩɟɪɚɬɭɪ
ɧɢɠɱɟ 0ɋ Ɋɿɡɤɟ ɡɧɢɠɟɧɧɹ ɬɟɦɩɟɪɚɬɭɪɢ ɜ
ɩɨɪɿɜɧɹɧɧɿ ɡ ɬɟɦɩɟɪɚɬɭɪɨɸ ɜ ɝɿɞɪɨɫɢɥɿɤɚɬɧɢɯ
ɪɟɚɤɰɿɹɯ ɩɨɹɫɧɸɽɬɶɫɹ ɜɢɤɥɸɱɧɨ ɜɢɫɨɤɨɸ ɯɿɦɿɱɧɨɸ
ɚɤɬɢɜɧɿɫɬɸ ɜɨɞɢ ɳɨ ɩɪɢɣɦɚɽ ɭɱɚɫɬɶ ɜ
ɫɬɪɭɤɬɭɪɨɭɬɜɨɪɟɧɧɿ ȱɧɬɟɧɫɢɮɿɤɭɸɬɶ ɝɿɞɪɨɬɟɪɦɚɥɶɧɿ
ɪɟɚɤɰɿʀ ɩɿɞɜɢɳɟɧɧɹɦ ɬɢɫɤɭ ɜɨɞɹɧɨʀ ɩɚɪɢ ɚɛɨ
ɜɜɟɞɟɧɧɹɦɯɿɦɿɱɧɢɯɞɨɦɿɲɨɤ>]. 
ȼɜɚɠɚɽɬɶɫɹ ɳɨ ɜɢɪɿɲɚɥɶɧɢɦ ɮɚɤɬɨɪɨɦ
ɿɧɬɟɧɫɢɮɿɤɚɰɿʀ ɮɿɡɢɤɨ-ɯɿɦɿɱɧɢɯ ɩɪɨɰɟɫɿɜ ɡɚ ɭɱɚɫɬɸ
ɜɨɞɹɧɨʀ ɩɚɪɢ ɿ ɝɚɡɿɜ ɽ ɝɚɡɨɬɪɚɧɫɩɨɪɬɧɿ ɪɟɚɤɰɿʀ Ɂ
ɝɿɞɪɚɬɨɜɚɧɢɯ ɩɨɜɟɪɯɨɧɶ ɦɿɝɪɭɸɬɶ ɪɚɡɨɦ ɡ ɜɨɞɹɧɢɦ
ɩɚɪɨɦ ɜ ɝɚɡɨɜɭ ɮɚɡɭ ɩɿɞ ɱɚɫ ɞɟɝɿɞɪɚɬɚɰɿʀ ɱɚɫɬɤɢ
ɦɨɥɟɤɭɥɢ ɚɬɨɦɢ ɿɨɧɢ ɜɢɯɿɞɧɢɯ ɜɚɠɤɢɯ ɪɟɱɨɜɢɧ
ɉɪɢ ɰɶɨɦɭ ɜɨɞɹɧɚ ɩɚɪɚ ɹɤ ɿ ɿɧɲɿ ɝɚɡɢ ɜɿɞɿɝɪɚɽ ɪɨɥɶ
©ɧɨɫɿɹªɱɚɫɬɨɤɜɚɠɤɢɯɪɟɱɨɜɢɧ>]. 
ȼɿɞɨɦɨ ɳɨ ɝɿɞɪɨɬɟɪɦɚɥɶɧɚ ɨɛɪɨɛɤɚ ɜɚɩɧɹɧɨ-
ɤɪɟɦɧɟɡɟɦɧɢɯ ɦɚɬɟɪɿɚɥɿɜ ɫɭɩɪɨɜɨɞɠɭɽɬɶɫɹ
ɝɿɞɪɚɬɚɰɿɣɧɢɦ ɬɜɟɪɞɿɧɧɹɦ Ɂɚ ɫɭɱɚɫɧɢɦɢ ɭɹɜɥɟɧɧɹɦɢ
ɜ ɬɚɤɨɦɭ ɩɪɨɰɟɫɿ ɜɢɤɨɧɭɽɬɶɫɹ ɜɡɚɽɦɨɞɿɹ ɜ¶ɹɠɭɱɨʀ
ɪɟɱɨɜɢɧɢ ɡ ɜɨɞɨɸ Ɋɟɡɭɥɶɬɚɬ ɬɚɤɨʀ ɪɟɚɤɰɿʀ ɜ
ɪɨɡɱɢɧɟɧɧɿ ɜɢɯɿɞɧɢɯ ɫɩɨɥɭɤ ɬɚ ɧɚɫɬɭɩɧɨɝɨ
ɜɢɤɪɢɫɬɚɥɿɡɨɜɭɜɚɧɧɹ ɧɨɜɨɭɬɜɨɪɟɧɶ ɿɡ ɪɨɡɱɢɧɭ ɹɤɢɣ
ɩɨɜɿɞɧɨɲɟɧɧɸɞɨɧɢɯɜɢɹɜɥɹɽɬɶɫɹɩɟɪɟɧɚɫɢɱɟɧɢɦ 
ɇɚ ɞɭɦɤɭ [9] ɤɪɿɦ ɪɟɚɤɰɿʀ ɝɿɞɪɚɬɚɰɿɣɧɨɝɨ
ɬɜɟɪɞɿɧɧɹ ɡɚ ɭɱɚɫɬɸ ɜɨɞɧɢɯ ɪɨɡɱɢɧɿɜ ɿɫɧɭɽ ɪɟɚɤɰɿɹ
ɞɟɝɿɞɪɚɬɚɰɿɨɧɧɨɝɨ ɫɬɪɭɤɬɭɪɨɭɬɜɨɪɟɧɧɹ ɦɿɠ
ɝɿɞɪɚɬɨɜɚɧɢɦɢɪɟɱɨɜɢɧɚɦɢɐɹɪɟɚɤɰɿɹɜɢɤɨɧɭɽɬɶɫɹɜ
ɳɿɥɶɧɨɭɩɚɤɨɜɚɧɨɦɭɦɚɬɟɪɿɚɥɿɭɜɨɞɧɨɦɭɫɟɪɟɞɨɜɢɳɿ
ȼ ɪɟɚɤɰɿʀ ɞɟɝɿɞɪɚɬɚɰɿɨɧɧɨɝɨ ɫɬɪɭɤɬɭɪɨɭɬɜɨɪɟɧɧɹ
ɜɢɫɨɤɚ ɯɿɦɿɱɧɚ ɚɤɬɢɜɧɿɫɬɶ ɜɨɞɢ ɜɞɚɥɨ ɩɨɽɞɧɭɽɬɶɫɹ ɡ
ɤɚɬɚɥɿɬɢɱɧɨɸ ɯɿɦɿɱɧɨɸ ɬɚ ɮɿɡɢɤɨ-ɯɿɦɿɱɧɨɸ
ɚɤɬɢɜɧɿɫɬɸɜɨɞɹɧɨʀɩɚɪɢɿɥɟɝɤɨɥɟɬɤɢɯɤɨɦɩɨɧɟɧɬɿɜ 
ɉɪɢɪɨɞɧɚ ɝɥɢɧɚ ɹɤ ɜɿɞɨɦɨ ɦɿɫɬɢɬɶ 
ɯɿɦɿɱɧɨ ɡɜ¶ɹɡɚɧɨʀ ɜɨɞɢ ȼɚɩɧɹɧɨ-ɩɿɳɚɧɿ ɝɿɞɪɚɬɨɜɚɧɿ
ɫɭɦɿɲɿ ɹɤ ɿ ɝɥɢɧɚ ɦɿɫɬɹɬɶ ɪɿɡɧɭ ɤɿɥɶɤɿɫɬɶ ɝɿɞɪɚɬɧɨʀ
ɜɨɞɢɉɪɢɧɚɝɪɿɜɚɧɧɿɰɿɦɚɬɟɪɿɚɥɢɜɢɞɿɥɹɸɬɶ ɿɡɫɜɨɝɨ
ɜɦɿɫɬɭ ɥɟɬɤɿ ɫɤɥɚɞɨɜɿ Ɍɨɦɭ ɩɨɞɚɥɶɲɚ ɜɡɚɽɦɨɞɿɹ ɜ
ɫɭɦɿɲɿɬɜɟɪɞɢɯɪɟɱɨɜɢɧɜɢɤɨɧɭɽɬɶɫɹɡɚʀɯɭɱɚɫɬɸ 
Ⱦɥɹ ɡɚɛɟɡɩɟɱɟɧɧɹ ɜɢɩɪɨɛɭɜɚɧɧɹ
ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɡɪɚɡɤɿɜ ɧɚ ɦɟɠɭ ɦɿɰɧɨɫɬɿ ɩɪɢ
ɫɬɢɫɤɭ ɬɚɳɿɥɶɧɿɫɬɶɜɢɡɧɚɱɢɥɢ ɡɚȾɋɌɍȻȼ-42-
97 ɜɨɞɨɩɨɝɥɢɧɚɧɧɹɦɚɫɭɝɭɫɬɢɧɭʀɯ 
ȼɢɡɧɚɱɟɧɧɹ ɜɨɞɨɩɨɝɥɢɧɚɧɧɹ ɩɪɢ
ɚɬɦɨɫɮɟɪɧɨɦɭɬɢɫɤɭɭɜɨɞɿɬɟɦɩɟɪɚɬɭɪɨɸɋ 
± ɩɿɞɝɨɬɨɜɤɚɞɨɜɢɩɪɨɛɭɜɚɧɧɹɜɨɞɨɩɨɝɥɢɧɚɧɧɹ
ɫɢɥɿɤɚɬɧɢɯ ɜɢɪɨɛɿɜ ɜɢɡɧɚɱɚɸɬɶ ɛɟɡ ɩɨɩɟɪɟɞɧɶɨɝɨ
ɜɢɫɭɲɭɜɚɧɧɹɡɪɚɡɤɿɜ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± ɩɪɨɜɟɞɟɧɧɹ ɜɢɩɪɨɛɭɜɚɧɧɹ ɡɪɚɡɤɢ ɭɤɥɚɞɚɸɬɶ
ɜɨɞɢɧɪɹɞɩɨɜɢɫɨɬɿɡɡɚɡɨɪɚɦɢɦɿɠɧɢɦɢɧɟɦɟɧɲɟɫɦ
ɧɚɪɟɲɿɬɤɭɜɩɨɫɭɞɢɧɭɡɜɨɞɨɸ ɬɟɦɩɟɪɚɬɭɪɨɸ 
ɋɬɚɤɳɨɛɪɿɜɟɧɶɜɨɞɢɛɭɜɜɢɳɢɣɜɟɪɯɭɡɪɚɡɤɿɜɧɚ
± ɫɦɁɪɚɡɤɢɜɢɬɪɢɦɭɸɬɶɭɜɨɞɿɝɨɞɢɧɇɚɫɢɱɟɧɿ
ɜɨɞɨɸ ɡɪɚɡɤɢ ɜɢɣɦɚɸɬɶ ɡ ɜɨɞɢ ɨɛɬɢɪɚɸɬɶ ɜɨɥɨɝɨɸ
ɬɤɚɧɢɧɨɸɿɡɜɚɠɭɸɬɶɆɚɫɭɜɨɞɢɳɨɜɢɬɟɤɥɚɡɡɪɚɡɤɚ
ɧɚ ɱɚɲɤɭ ɜɚɝ ɜɤɥɸɱɚɸɬɶ ɜ ɦɚɫɭ ɡɪɚɡɤɚ ɧɚɫɢɱɟɧɨɝɨ
ɜɨɞɨɸ Ɂɜɚɠɭɜɚɧɧɹ ɤɨɠɧɨɝɨ ɡɪɚɡɤɚ ɦɚɽ ɛɭɬɢ
ɡɚɤɿɧɱɟɧɨɧɟɩɿɡɧɿɲɟɯɜɩɿɫɥɹɣɨɝɨɜɢɞɚɥɟɧɧɹɡɜɨɞɢ 
ȼɨɞɨɩɨɝɥɢɧɚɧɧɹ W ɡɚ ɦɚɫɨɸ ɭ ɜɿɞɫɨɬɤɚɯ
ɨɛɱɢɫɥɸɸɬɶɡɚɮɨɪɦɭɥɨɸ 1001  
m
mmW , 
ɞɟm1 ± ɦɚɫɚɡɪɚɡɤɚɧɚɫɢɱɟɧɨɝɨɜɨɥɨɝɨɸɝ 
     m ± ɦɚɫɚɡɪɚɡɤɚɜɢɫɭɲɟɧɨɝɨɞɨɩɨɫɬɿɣɧɨʀɦɚɫɢɝ. 
Ɋɟɡɭɥɶɬɚɬɢɪɨɡɪɚɯɭɧɤɭɧɚɜɟɞɟɧɿɜɬɚɛɥɢɰɿ. 
 
Ɍɚɛɥɢɰɹ  ± Ɂɧɚɱɟɧɧɹ ɩɨɤɚɡɧɢɤɿɜ ɞɥɹ
ɪɨɡɪɚɯɭɧɤɭɜɨɞɨɩɨɝɥɢɧɚɧɧɹɬɚɳɿɥɶɧɨɫɬɿɡɪɚɡɤɿɜ 
 
 
ɉɨɤɚɡɧɢɤɢ 
ɇɨɦɟɪɡɪɚɡɤɚ ɋɟɪɟɞɧɿ
ɡɧɚɱɟɧɧɹ
ɜɨɞɨɩɨɝɥɢɧ
ɚɧɧɹɬɚ
ɳɿɥɶɧɨɫɬɿ 
1 2 3 4 
Ɇɚɫɚ
ɡɪɚɡɤɚ
ɧɚɫɢɱɟɧɨɝɨ
ɜɨɥɨɝɨɸɝ 
19,6 18,8 18,8 19,3 - 
Ɇɚɫɚ
ɡɪɚɡɤɚ
ɜɢɫɭɲɟɧɨɝɨ
ɞɨ
ɩɨɫɬɿɣɧɨʀ
ɦɚɫɢɝ 
17,2 16,6 16,7 16,9 - 
ȼɨɞɨɩɨɝɥɢ
ɧɚɧɧɹ 
14,0 13,2 13,0 14,0 13,55 
ɓɿɥɶɧɿɫɬɶ
ɩɪɢ
V=12,31 
ɫɦ3ɝɫɦ3 
1,39 1,35 1,35 1,37 1,3706 
 
ɋɟɪɟɞɧɸɳɿɥɶɧɿɫɬɶɡɪɚɡɤɚȡ ɜɝɫɦɜɢɡɧɚɱɚɸɬɶ
ɡɚɮɨɪɦɭɥɨɸ 
ȼɢɡɧɚɱɟɧɧɹɫɟɪɟɞɧɶɨʀɳɿɥɶɧɨɫɬɿ 
± ɡɚɫɨɛɢɜɢɩɪɨɛɭɜɚɧɧɹɜɚɝɢɡɚȽɈɋɌɬɚ
ɲɬɚɧɝɟɧɰɢɪɤɭɥɶɦɟɬɚɥɟɜɢɣɡɚȽɈɋɌ 
± ɩɿɞɝɨɬɨɜɤɚ ɞɨ ɜɢɩɪɨɛɭɜɚɧɧɹ ɫɟɪɟɞɧɸ
ɝɭɫɬɢɧɭɜɢɡɧɚɱɚɸɬɶɧɟɦɟɧɲɟɧɿɠɧɚɬɪɶɨɯɡɪɚɡɤɚɯ 
± ɩɪɨɜɟɞɟɧɧɹ ɜɢɩɪɨɛɭɜɚɧɧɹ ɨɛ¶ɽɦ  ɡɪɚɡɤɿɜ
ɜɢɡɧɚɱɚɸɬɶ ɡɚ ʀɯ ɝɟɨɦɟɬɪɢɱɧɢɦɢ ɪɨɡɦɿɪɚɦɢ
ɜɢɦɿɪɹɧɢɦɢ ɡ ɩɨɯɢɛɤɨɸ ɧɟ ɛɿɥɶɲɟ  ɦɦ Ⱦɥɹ
ɜɢɡɧɚɱɟɧɧɹ ɤɨɠɧɨɝɨ ɥɿɧɿɣɧɨɝɨ ɪɨɡɦɿɪɭ ɡɪɚɡɨɤ
ɜɢɦɿɪɸɸɬɶ ɭ ɬɪɶɨɯ ɦɿɫɰɹɯ ±  ɩɨ ɪɟɛɪɚɯ ɿ ɫɟɪɟɞɢɧɿ
ɝɪɚɧɿ Ɂɚ ɤɿɧɰɟɜɢɣ ɪɟɡɭɥɶɬɚɬ ɩɪɢɣɦɚɸɬɶ ɫɟɪɟɞɧɽ
ɚɪɢɮɦɟɬɢɱɧɟɬɪɶɨɯɜɢɦɿɪɿɜ 
Ɇɟɠɭɦɿɰɧɨɫɬɿ ɩɪɢ ɫɬɢɫɤɭ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ
ɡɪɚɡɤɿɜ ɬɚ ʀɯ ɳɿɥɶɧɿɫɬɶ ɞɨɫɥɿɞɠɭɜɚɥɢ ɩɨ ɫɤɨɪɨɱɟɧɧɸ
ɬɪɢɜɚɥɨɫɬɿ ɿɡɨɬɟɪɦɿɱɧɨʀ ɜɢɬɪɢɦɤɢ ɡɪɚɡɤɿɜ ɩɪɢ ʀɯ
ɬɟɩɥɨɜɨɥɨɝɿɣ ɨɛɪɨɛɰɿ. Ɋɟɡɭɥɶɬɚɬɢ ɞɨɫɥɿɞɠɟɧɶ
ɧɚɜɟɞɟɧɿɧɚɪɢɫɬɚ 
 
 
Ɋɢɫ. 1. ± Ɂɚɥɟɠɧɿɫɬɶɦɟɠɿɦɿɰɧɨɫɬɿɩɪɢɫɬɢɫɤɭɜɿɞ
ɬɪɢɜɚɥɨɫɬɿɿɡɨɬɟɪɦɿɱɧɨʀɜɢɬɪɢɦɤɢ 
1 ± ɡɞɨɦɿɲɤɨɸɫɤɥɨɛɨɸ± ɛɟɡɞɨɦɿɲɤɢ 
 
 
Ɋɢɫ. 2. ± Ɂɚɥɟɠɧɿɫɬɶɳɿɥɶɧɨɫɬɿɡɪɚɡɤɿɜɜɿɞ
ɬɪɢɜɚɥɨɫɬɿɿɡɨɬɟɪɦɿɱɧɨʀɜɢɬɪɢɦɤɢ 
1 ± ɛɟɡɞɨɦɿɲɤɢ± ɡɞɨɦɿɲɤɨɸɫɤɥɨɛɨɸ 
 
ȼɹɤɨɫɬɿ ɤɨɧɬɪɨɥɶɧɢɯɜɢɤɨɪɢɫɬɨɜɭɜɚɥɢɡɪɚɡɤɢ
ɜɢɝɨɬɨɜɥɟɧɿ ɜɢɤɥɸɱɧɨ ɡ ɜɚɩɧɚ ɬɚ ɩɿɫɤɭ ɑɚɫɬɤɨɜɚ
ɡɚɦɿɧɚ ɭ ɜ¶ɹɠɭɱɨɦɭ ɤɜɚɪɰɨɜɨɝɨ ɩɿɫɤɭ ɫɤɥɨɛɨɽɦ
ɟɥɟɤɬɪɨɜɚɤɭɭɦɧɨɝɨ ɫɤɥɚ ɤɿɧɟɫɤɨɩɿɜ ɞɨɡɜɨɥɹɽ
ɫɤɨɪɨɬɢɬɢɱɚɫɚɜɬɨɤɥɚɜɭɜɚɧɧɹɡɝɨɞɢɧɞɨɝɨɞɢɧɢ
ɉɿɞɜɢɳɟɧɧɹ ɦɿɰɧɨɫɬɿ ɡɚ ɰɟɣ ɱɚɫ ɫɤɥɚɞɚɽ  ɍ
ɜɤɚɡɚɧɨɦɭ ɝɨɞɢɧɧɨɦɭ ɿɧɬɟɪɜɚɥɿ ɳɿɥɶɧɿɫɬɶ ɦɚɬɟɪɿɚɥɭ
ɦɚɣɠɟ ɧɟ ɡɦɿɧɸɽɬɶɫɹ ȼɜɟɞɟɧɧɹ ɭ ɜ¶ɹɠɭɱɟ ɫɤɥɨɛɨɸ
ɫɩɪɢɹɽ ɛɿɥɶɲ ɲɜɢɞɤɨɦɭ ɭɬɜɨɪɟɧɧɸ ɝɿɞɪɨɫɢɥɿɤɚɬɿɜ
ɤɚɥɶɰɿɸ ɳɨ ɨɛɭɦɨɜɥɟɧɨ ɫɤɨɪɿɲɢɦ ɪɨɡɱɢɧɟɧɧɹɦ
ɫɤɥɨɛɨɸ ɡ ɭɬɜɨɪɟɧɧɹɦ ɤɪɟɦɧɿɽɜɨʀ ɤɢɫɥɨɬɢ ɧɿɠ
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